Respiratory diseases caused by airflow limitations rank among the top causes of death (1) . Next to cigarette smoke, shocks experienced in utero and early life are main risk factors for lung dysfunction in adulthood (2, 3) . As the respiratory system develops from the embryonic period onwards, shocks incurred during all pregnancy trimesters potentially impair its development. One type of prenatal shock is exposure to nutritional shortages. Lopuhaä et al. (4) found higher risks of chronic obstructive airway disease after in utero exposure to the 1944-1945 Dutch famine. However, to our knowledge, the impact of less extreme nutritional shortages during gestation on the functionability of the respiratory system in adulthood has not yet been explored.
Using data from Indonesia, we investigated whether in utero exposure to Ramadan was associated with the occurrence of wheezing among adult Muslims. The intermittent fasting performed during Ramadan is less extreme than that experienced in a famine. While negative associations between in utero exposure to Ramadan and general health have been detected, studies on specific organs remain scarce. To our knowledge, this is the first study to have explored whether in utero exposure to Ramadan has an effect on lung function. Our outcome variable was wheezing-the occurrence of a whistling sound during exhalation, indicative of illnesses such as asthma, chronic obstructive airway disease, and emphysema. We particularly examined the occurrence of wheezing among smokers, as we hypothesized that prenatal exposure to Ramadan degrades the respiratory system's capability to deal with the ex utero strain of smoking.
More than 22% of the world population adheres to Islam. Moreover, improved knowledge on the early-life origins of obstructive airway disease will contribute to the development of guidelines on topics such as dieting during pregnancy.
Fetal programming and the respiratory system
The in utero environment codetermines an individual's health (5) . The underlying mechanism of fetal programming is that the fetus adapts to the in utero environment, with long-lasting consequences: If nutrient or oxygen transfer is limited, adaptations help the fetus survive in the short run but can have consequences for disease susceptibility in later life. Limited transfer of nutrients during critical growth phases puts fetal organs at risk of remaining underdeveloped. The development of the lung is characterized by multiple critical growth phases which start in the embryonic period. Therefore, the respiratory system is vulnerable to shocks during all phases of gestation (6) (7) (8) .
Adult respiratory health is impaired by in utero exposure to tobacco smoking, nutritional deficits, or placental insufficiency. Effects depend on the timing and severity of the exposure (8, 9) . Epidemiologic studies have found associations between low birth weight and impaired lung function in adulthood (10) (11) (12) (13) (14) (15) . Epigenetic studies suggest that in utero shocks can alter DNA methylation patterns, with consequences such as increased allergy risks (16) .
Studies on maternal malnutrition during pregnancy and its associations with lung development in adulthood remain scarce. Studying people born around the time of the Dutch famine, Lopuhaä et al. (4) found that symptoms of chronic obstructive airway disease were experienced more frequently by persons whose time in utero overlapped with the extreme food shortage. The associations were strongest for those exposed in midgestation, while a tendency toward higher risks was also found for those exposed in early gestation (4) . The associations of less extreme, or intermittent, nutritional restrictions with airway development have not yet been studied.
In this study, we investigated the associations of the intermittent fasting performed during Ramadan with lung function in adulthood. Because many in utero shocks have consequences only at postreproductive ages, we expected to observe the strongest associations in later adulthood (17, 18) . Moreover, we explored potential interaction effects from the combination of in utero exposure to Ramadan and subsequent ex utero exposure to harmful substances such as cigarette smoke. We hypothesized that prenatally exposed respiratory systems are weakened and more susceptible to complications stemming from other risk factors in adulthood.
Ramadan during pregnancy
Ramadan constitutes one of the 5 pillars of Islam. For 1 month, Muslims fast during daylight hours. Consequently, the intake of food and drinks is shifted to occur before sunrise and after sunset. Fasting hours depend on the location and time of the year during which Ramadan takes place: Because the dates of Ramadan are determined by the lunar Islamic calender, its timing shifts over the years (the lunar calender is about 11 days shorter than the Gregorian calendar).
According to most interpretations of the Koran, pregnant women may refrain from fasting if they believe that fasting will harm their health or the health of the unborn child. However, they are required to make up for the missed days or compensate by way of an expiatory payment. Most Muslim women observe the fast during pregnancy, with varying fasting rates per country (19) (20) (21) (22) (23) (24) (25) . For Indonesia, Majid (26) calculated an implied fasting rate of 68%-82%. Van Bilsen et al. (27) conducted a survey among 186 pregnant Muslim women in Jakarta, Indonesia.
Among those women, 80% decided to fast on at least 1 day during their pregnancy, and 30% had fasted for more than 20 days.
Research on prenatal Ramadan exposure and health outcomes has shown negative associations with general health and cognitive performance (26, (28) (29) (30) (31) (32) . An important implication of these findings is that malnutrition during gestation also has effects when it occurs in intermittent forms. Worse general long-term health can largely be traced back to impaired fetal growth. During pregnancy, energy is required for the growth of the fetus and placenta, in addition to a woman's normal energy demands. Because of this increased energy demand, during the second half of pregnancy, a woman's blood levels of metabolic fuels and hormones quickly approach levels comparable to those of women exposed to famines ("accelerated starvation"). In the second and third trimesters of pregnancy, signs of accelerated starvation are already detected when single meals are skipped, particularly during activity-intensive daytime hours (33, 34) . Adhering to the fast during Ramadan has been shown to lead to symptoms indicative of accelerated starvation (24, 25, 35) . It can thus be assumed that a fetus in later gestation has to make compromises in its growth to get along with the scarce energy supply. Additionally, during early gestation, fetal growth is vulnerable in response to maternal nutrition, particularly with respect to organ development (36) (37) (38) . Studies on the Dutch famine have found the strongest associations with adult health for exposure during early gestation (39) . With regard to Ramadan, changes in the nutritional composition of the mother's diet, as measured in micronutrients (40) , lower total caloric intake among fasting Muslims (35, 41) , or increased levels of stress hormones (42) , could explain the associations.
METHODS

Data
We used individual-level data from a longitudinal study conducted by the RAND Corporation (Santa Monica, California), the Indonesian Family Life Survey (IFLS). Indonesia is the country with the largest Muslim population worldwide. We pooled data from IFLS waves 1-4 (1993-2008) . When information was available from several waves (except for the outcome measures-see next section), we used the latest available information. Information on breathing difficulties (collected in waves 2-4) was self-reported, and respondents were asked to indicate whether they had experienced wheezing or shortness of breath during the 4 weeks before the interview. From wave 1, only information on date of birth and smoking status was included.
The final sample size was 28,489. Several adjustments to the sample were undertaken: First, only respondents aged 15 years or older were asked whether they had experienced breathing difficulties. Second, people who did not know their exact date of birth were excluded, because in utero Ramadan exposure is calculated on the basis of date of birth. Moreover, we detected "heaping" of reported dates of birth on several days, such as January 1 or the Indonesian day of independence on August 17. People who indicated these dates of birth were excluded. Third, we excluded all observations that did not indicate a predominantly Muslim province as the place of residence. Thus, we could ascertain that only people living in regions where Ramadan was widely practiced were included in our sample. This prevented noise in our estimation due to different traditions in non-Muslim areas of Indonesia.
Outcome measures
We used 2 outcome measures. In our main analysis, the outcome of interest was wheezing. An individual was considered to have had an occurrence of wheezing if she indicated having wheezed in at least 1 IFLS wave. Wheezing was therefore a dummy variable (occurred/did not occur in the last 4 weeks before the interview). However, because all data on respiratory function were self-reported, it might have happened that some persons misreported or combined symptoms.
Against this background, in a second specification we used the occurrence of any breathing difficulty (wheezing/shortness of breath in the 4 four weeks before the interview; ever being diagnosed with asthma or another lung condition) as the outcome measure. Because the question on diagnosed asthma or other lung conditions was only introduced in wave 4, we only used data from wave 4 for this specification.
Categories of exposure to Ramadan
Anyone whose time in utero overlapped with Ramadan was classified as having been prenatally exposed. We calculated this overlap on the basis of the person's date of birth and the historical starting and ending dates of Ramadan. Our calculations were based on the average length of human pregnancies (266 days from the day of conception). Thus, if there was an overlap between the most recent Ramadan before a person's date of birth and the 266 days before the date of birth, he or she was considered exposed. The control group consisted of Muslims whose own time in utero did not overlap with Ramadan. These people were conceived after the end of Ramadan and more than 266 days before the start of the next Ramadan, so that no overlap between Ramadan and their time in utero occured.
If one compared children born to fasting Muslims with those born to nonfasting Muslims, there would be many sources of confounding; but if one compares Muslims who (because of their birth dates) were in utero during Ramadan with Muslims who (because of their birth dates) were not in utero during Ramadan, there is much less scope for confounding. Any confounder that was to bias our results would then need to be correlated with both wheezing and moment of birth in the Islamic year.
It is important to note that we studied the health impacts of exposure to Ramadan-in any form-during pregnancy, not specifically of Ramadan fasting. Ramadan includes other aspects besides fasting, such as altered sleeping patterns and changes in nutrition (high-glycemic-content foods). Moreover, information on the actual fasting behavior of the mothers of our adult respondents during pregnancy was not available. To the extent that all (or most) of the association was due to fasting (and not to other aspects of Ramadan), our estimation was an intention-to-treat estimation, in which all persons who were Muslim and whose in utero phase overlapped with Ramadan were regarded as exposed.
Besides the binary classification as exposed/not exposed, we divided exposed persons into 5 subgroups in order to investigate whether associations differed with respect to the timing of Ramadan during gestation. First, we created subgroups for those who were born or conceived during Ramadan and whose own time in utero thus overlapped with only a part of Ramadan. Second, we subdivided those who were exposed to an entire Ramadan according to the pregnancy trimester during which the overlap between Ramadan and their own time in utero started (first trimester: days 1-89 of gestation; second trimester: days 90-178 of gestation; third trimester: days 179-266 of gestation) ( Table 1) . Each observation was classified into 1 exposure category. In order to prevent noise in the control group, we classified all persons whose conception was calculated to have occurred less than 21 days after the end of Ramadan into a separate group ("probably not exposed"); hence, they were effectively taken out of the control group. The reason for this is that if those people were born postterm and had thus been exposed to Ramadan during their first weeks in utero, they would have been erroneously classified as not exposed (see also van Ewijk (28)).
A further reason for the separate "probably not exposed" group is the Eid al-Fitr celebration, which takes place immediately after Ramadan. The celebration, commonly referred to as "Lebaran" in Indonesia, is a festival of breaking the fast for which many Muslims travel to their home villages. The celebration lasts about 1 week. At least 7 days prior to Lebaran, all employed Muslims receive a mandatory holiday bonus of at least 1 full month's salary. Consequently, despite higher food prices during Ramadan, people can afford more and better-quality food towards the end of Ramadan. It is possible that the health impacts of Ramadan and Lebaran are confounded during the last days of Ramadan. The diurnal fast continues, and most Muslims rather use the holiday bonus to pay for traveling to their home village, gifts for the family, or food for the celebrations. Because of the traveling, selective fertility needs to be taken into consideration. We assumed that persons who conceived around Lebaran might differ systematically from persons who did not conceive during a holiday. Even though the direction of any bias is unclear because of the complex interdependency of an extra salary, rising food prices, and celebrations, we avoided noise by excluding persons conceived during Lebaran from our control group.
Statistical methods
We compared data on the breathing difficulties of Muslims who were prenatally exposed to Ramadan with those of Muslims who were certainly not in utero during Ramadan. Standard errors were clustered at the household level, as within-family correlations on health outcomes were likely. The average size of Muslim households in our sample was 3.06 persons (standard deviation, 1.66).
We performed logistic regression analyses and controlled for age at the time of the interview and age squared, month of birth, sex, and IFLS wave. The results of our analyses are displayed as odds ratios. Because the timing of Ramadan shifts over the years, the effects of Ramadan can be separated from seasonal effects by including month-of-birth dummy variables as covariates (28, 31) . Because it lies on the equator, the times of sunrise and sunset do not vary considerably over the course of the year in Indonesia. This implies that the duration of fasting does not vary over the years and that our results were not biased due to a correlation between year of Ramadan exposure and number of hours of Ramadan exposure.
We further differentiated between the various times of prenatal Ramadan exposure (conception, first trimester, second trimester, third trimester, and birth). In addition to performing the analysis for all Muslims, we conducted separate regressions by sex and by age group. Moreover, we allowed the association to vary by smoking status by including a term for interaction between exposure and smoking status.
Since exposure was measured as the occurrence of an overlap between Ramadan and pregnancy, our study can be regarded as a natural experiment. Overlap between Ramadan and pregnancy occurs quasirandomly, since selective timing of pregnancy to avoid or promote Ramadan during pregnancy is rare or absent in Indonesia (28) . The quasirandom prenatal exposure meant that potential confounders such as maternal characteristics, body mass index, or exposure to air pollution were canceled out; that is, we were unable to control for all factors that might influence the occurrence of breathing difficulties, but this did not bias our results, since these factors did not affect whether Ramadan occurred during pregnancy.
In order to test the robustness of our results, we conducted a difference-in-differences (DID) analysis. DID entails the comparison of treatment effects between 2 groups. We included the nonMuslims and an indicator variable for exposure status, an indicator variable for religion, and an interaction of all covariates with religion. The interaction term religion × exposed compares the strength of the association of Ramadan occurrence during pregnancy with wheezing between Muslims and non-Muslims. Naturally, non-Muslims do not observe Ramadan. Hence, any "effect" of overlap between Ramadan and pregnancy among non-Muslims has to be due to residual confounding. It is this residual confounding that we therefore took out in the DID analysis. As in our main analyses, we conducted separate regressions by age group. 
RESULTS
Baseline characteristics
Our sample consisted of 28,489 observations (26,313 Muslims and 2,176 non-Muslims). Indonesia has a young population, which was reflected in our sample: The largest age group was people between 15 and 30 years of age (Table 1) .
In utero exposure to Ramadan and breathing difficulties Prenatal exposure to Ramadan was associated with higher risks for lung conditions in adulthood, in terms of both general breathing difficulties and wheezing (Table 2 ). In comparison with nonexposed Muslims, the risk of experiencing a symptom of any breathing difficulty (wheezing, shortness of breath) or being diagnosed with a lung disease (asthma, other lung condition) was 17.3% higher. For exposed men, the risk of experiencing any breathing difficulty was 20.5% higher.
The results for wheezing confirmed those for any breathing difficulty. Associations were found for exposure during all pregnancy phases except for birth during Ramadan. Significant associations were found only among males. The lower levels of significance may be explained by the lower number of incidences of wheezing in our sample and limited statistical power in the analysis.
Smokers and nonsmokers
A majority of Indonesian men smoke (69.38% of Muslim men vs. 3.01% of Muslim women in our sample smoked). We allowed the estimates of exposure to vary by smoking status among the male Muslims. The negative associations were consistently stronger for exposed smokers ( Table 3 ).
Note that smoking status does not vary with Ramadan exposure (69.4% of unexposed male Muslims vs. 69.3% of exposed male Muslims in our sample smoked). A χ 2 test of independence was performed to examine the relationship between Ramadan exposure and smoking status. The relationship between these variables was not significant (χ 2 = 0.009, P = 0.927).
Associations by age group
As Table 4 shows, the risk of experiencing wheezing after in utero exposure to Ramadan increased with age. Significant associations were found when we limited the sample to respondents aged 40 years or more, and they tended to get more pronounced when we limited the sample to even older age groups.
Robustness checks
We replicated our results using a DID design ( Table 5 ). The estimates for exposed Muslims (upper half of table) confirmed that the strength of the association increased with age. The DID analysis further allowed us to show that associations were not caused by shocks incurred during Ramadan that were independent of religion (such as rising food prices). No associations between wheezing and Ramadan exposure during pregnancy were found for non-Muslims who lived in predominantly Muslim areas (lower half of Table 5 ). This was confirmed by separately conducting our analyses for non-Muslims. These results again demonstrated that prenatal Ramadan exposure was not correlated with seasonality in our analyses, which also means it is unlikely that our results for Muslims were driven by residual confounding by seasonality.
DISCUSSION
In this study, in utero exposure to Ramadan led to an increased risk of breathing difficulties-specifically wheezing-in adulthood. The associations were most pronounced for smokers. The respiratory systems of prenatally exposed Muslims thus seem to perform worse in mitigating ex utero harmful influences.
Our results partly confirm the findings of Lopuhaä et al. (4) . Similar to their research on famines, we most consistently found associations between the occurrence of lung dysfunction and exposure to Ramadan for exposure during the first and second trimesters. However, the detected sizes of the associations were independent of the timing of exposure, and associations were also found for exposure during the third trimester. Moreover, the association seemed to increase with age and was strongest in the age group 45 years or more. This is in line with fetal programming theory, suggesting that many consequences of prenatal shocks only manifest in postreproductive age.
Our results are to be regarded as intention-to-treat estimates and underestimates of the real strength of the associations. All persons with an overlap between Ramadan and pregnancy were classified as exposed, although we lacked information on actual maternal behavior during Ramadan. Consequently, children of nonfasting mothers were also classified as exposed, which biased the results towards zero. Moreover, all estimates were conditional upon survival, as all persons in the analysis were aged 15 years or older. The health outcomes of persons lost in the womb or before age 15 years and of younger children were not observed.
Selectively timing pregnancies to avoid Ramadan during pregnancy is not common in Indonesia. It has been shown that parents of children who were prenatally exposed to Ramadan do not differ from parents of children without prenatal Ramadan exposure (28) . Consequently, self-selection of healthy persons into the control group did not confound our results. It has furthermore been shown that persons who were exposed to Ramadan while in utero do not have a general tendency to complain more about their health (28) .
A main limitation of this study is that our analysis was based on self-reported health indicators that were not diagnosed by qualified personnel. However, because we found similar results for wheezing and general breathing difficulties, a potential mixup of symptoms by the interviewees was accounted for. The transferability of our results to other countries might be limited, because most Indonesian smokers consume kreteks (clove cigarettes). While the scientific evidence on whether kreteks are more or less harmful than conventional cigarettes is inconclusive, we cannot exclude the possibility that special interaction effects between kretek smoking and prenatal Ramadan exposure occur.
Because obstructive airway diseases rank among the top causes of death, further research on their origins is essential. The identified effect of interaction between in utero exposure to Ramadan and ex utero exposure to smoking might also be relevant with regard to air pollution and other risk factors for airway diseases. Ramadan behavior during pregnancy is relevant for a large part of the population. Moreover, meal-skipping and dieting during pregnancy resemble intermittent fasting and might lead to similar long-term impacts on health. Sensitization of medical personnel and women of childbearing age to this issue is recommended. b Results from logistic regression analyses that controlled for religion, exposure to Ramadan, religion × exposure to Ramadan, probably not being exposed, religion × probably not being exposed, age, religion × age, age 2 , religion × age 2 , month of birth, religion × month of birth, sex, religion × sex, survey wave, and religion × survey wave. A separate regresssion was carried out for each age group. Standard errors were clustered by household.
